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Cumulative changes during 1870–2017 







Cumulative changes during 1870–2017 
Data: LeQuéré et al., 2018, budget imbalance: 25
future?
How do we know?
Global Carbon Budget
Annual updates of the CO2 emissions, and 
CO2 fluxes between ocean, land and 
atmosphere
LeQuéré et al., 2018
models
multi-model mean








LeQuéré et al., 2018
Climate change effects 
























Surface ocean pCO2 measurements in 2017




Robotic carbon observation systems?









The ocean carbon cycle community is longing for an integrated
ocean carbon observing network
+
Higher uncertainty








“Most 1.5°C and 2°C pathways are heavily reliant on CDR 




“Most 1.5°C and 2°C pathways are heavily reliant on CDR 
[carbon dioxide removal] at a speculatively large scale 
before mid-century.”
“… substantial uncertainty about the adverse effects ...” 
IPCC 1.5°C Report
Carbon dioxide removal
Enhanced weathering / ocean alkalinization
Carbon dioxide removal
Hauck et al., 2016; Köhler et al., 2013
Scale:
Large-scale mining 




An integrated ocean carbon observing network is needed
+
Higher uncertainty
Access to remote areas
High-quality
Data gaps
+
+
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